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Heavy	
  flavor	
  is	
  an	
  important	
  probe	
  of	
  QGP	
  in	
  A+A	
  collisions	
  
-­‐  Produced	
  early	
  in	
  the	
  collision	
  
-­‐  Open	
  heavy	
  flavor	
  modifica5on	
  tests	
  the	
  medium	
  coupling	
  strength/

energy	
  loss	
  proper5es	
  
-­‐  Heavy	
  quarkonia	
  mel5ng	
  probes	
  the	
  medium	
  temperature	
  

PHENIX	
  is	
  well-­‐suited	
  to	
  measure	
  open	
  heavy	
  flavor	
  in	
  the	
  semi-­‐
leptonic	
  decay	
  channels.	
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Au d	
  

Need	
  a	
  control	
  experiment	
  to	
  accompany	
  A+A	
  collision	
  data.	
  
	
  
p+A	
  or	
  d+A	
  provide	
  a	
  test	
  of	
  our	
  A+A	
  probes	
  without	
  the	
  
presence	
  of	
  a	
  hot	
  medium.	
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Figure 1. An illustration of the fit function RA
i (x) and the role of the parameters xa, xe, y0, ya,

and ye.

xa and xe, eliminates 6 out of the 13 parameters. The remaining ones are expressed in

terms of the following 6 parameters with obvious interpretations:

y0 Height to which shadowing levels as x → 0

xa, ya Position and height of the antishadowing maximum

xe, ye Position and height of the EMC minimum

β Slope factor in the Fermi-motion part,

the remaining parameter c0 is fixed to c0 = 2ye. The roles of these parameters are illustrated

in figure 1 which also roughly indicates which x-regions are meant by the commonly used

terms: shadowing, antishadowing, EMC-effect, and Fermi-motion.

The A-dependence of the fit parameters is assumed to follow a power law

dA
i = dAref

i

(

A

Aref

) pdi

, (2.5)

where di = xa, ya . . ., and where the reference nucleus is Carbon, Aref = 12.

The baryon number and momentum sum rules eliminate y0 and py0 for valence quarks

and gluons, leaving us with 32 free parameters. This is still way too large number of

parameters to be determined only by the data — further assumptions (based on prior

experience) are needed to decide which parameters can truly be deduced from the data

and which can be taken as fixed.

2.3 Experimental input and cross-sections

The main body of the data in our analysis consists of " + A DIS measurements. We also

utilize the DY dilepton production data from fixed target p+A collisions at Fermilab and

inclusive neutral-pion production data measured in d+Au and p+p collisions at RHIC.1

Table 1 lists the sets included in our analysis and figure 2 displays their kinematical reach

1In contrast to our previous analysis [4], we do not include the BRAHMS forward rapidity charged

hadron d+Au data here. These data will be separately discussed in section 4.
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cartoon	
  CNM	
  effects	
  that	
  are	
  present	
  
regardless	
  of	
  hot	
  medium:	
  
1.  Shadowing	
  (modifica5on	
  of	
  nuclear	
  

PDF)	
  
2.  Cronin	
  enhancement	
  
3.  Ini5al-­‐state	
  energy	
  loss	
  
4.  Nuclear	
  break-­‐up	
  of	
  heavy	
  

quarkonia	
  states	
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deuteron 
y>0 

gold ion 
y<0 

MuTr	
  and	
  MuID	
  
detect	
  µ	
  at	
  forward	
  
&	
  backward	
  
rapidi5es.	
  

Dri`	
  Chamber,	
  Pad	
  Chamber,	
  
EMCal	
  &	
  RICH	
  detect	
  electrons	
  at	
  
mid-­‐rapidity.	
  

Beam-­‐Beam	
  Counter	
  
used	
  to	
  measure	
  
centrality	
  and	
  collision	
  
z-­‐posi5on.	
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Muon	
  Tracker	
  gives	
  momentum	
  
Muon	
  Iden5fier	
  rejects	
  hadrons	
  
	
  
Muon	
  arms	
  have	
  ~10λ	
  of	
  steel	
  
absorber	
  between	
  IP	
  and	
  the	
  
last	
  MUID	
  gap.	
  
	
  
South	
  (North)	
  acceptance:	
  
	
  	
  	
  	
  	
  1	
  <	
  |η|	
  <	
  2.2	
  (2.4)	
  

Main	
  backgrounds	
  for	
  HF	
  muons	
  are:	
  
1.  Punchthrough	
  hadrons	
  –	
  light	
  hadrons	
  that	
  penetrate	
  to	
  back	
  of	
  MUID	
  
2.  Decay	
  muons	
  –	
  muons	
  from	
  light	
  hadron	
  decays	
  (mainly	
  π,K)	
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Decay	
  Muons	
  

Punchthrough	
  
Hadrons	
  

Other	
  Background	
  

HF	
  Muons	
  

Match	
  z	
  distribu5on	
  of	
  MUID	
  last-­‐gap	
  tracks	
  

Match	
  flux	
  of	
  hadrons	
  that	
  stop	
  in	
  other	
  MUID	
  gaps	
  

Remove	
  via	
  geometric/kinema5c	
  cuts	
  

Signal!	
  

Background	
  is	
  es5mated	
  via	
  Monte	
  Carlo	
  simula5on	
  of	
  a	
  data-­‐driven	
  
hadronic	
  (π,K,p)	
  cocktail	
  

•  Cocktail	
  is	
  tuned	
  by	
  matching	
  mul5ple	
  observables	
  to	
  data.	
  

•  Mul5ple	
  GEANT3	
  hadronic	
  interac5on	
  packages	
  are	
  compared	
  to	
  give	
  
systema5c	
  uncertainty.	
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black	
  lines	
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  Kaplan	
  fit	
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  scaled	
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  TAB	
  

PHENIX	
  recorded	
  new	
  higher-­‐sta5s5cs	
  d+Au	
  and	
  p+p	
  datasets	
  in	
  2008	
  and	
  
2009,	
  respec5vely.	
  
	
  
SubmiVed	
  to	
  PRL	
  and	
  available	
  at	
  arXiv:1310.1005	
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LiVle	
  modifica5on	
  at	
  forward	
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Strongly	
  enhanced	
  at	
  backward	
  
rapidity	
  

R
dAu

=
1

N
coll

dNd+Au/dy

dNp+p/dy

Agrees	
  with	
  EPS09s	
  nuclear	
  PDF	
  calcula5on	
  (blue,	
  red	
  curves)	
  at	
  forward,	
  but	
  
not	
  backward,	
  rapidity.	
  
	
  
Calcula5on	
  from	
  I.	
  Vitev	
  also	
  agrees	
  with	
  forward	
  rapidity.	
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Breaking	
  into	
  most	
  peripheral	
  and	
  
most	
  central	
  bins…	
  
	
  
Consistent	
  with	
  no	
  CNM	
  
modifica5on	
  in	
  peripheral	
  
collisions.	
  
	
  
Significant	
  enhancement	
  at	
  
backward	
  rapidity	
  and	
  suppression	
  
at	
  forward	
  rapidity	
  in	
  most	
  central	
  
bin.	
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Both	
  rapidi5es	
  show	
  increasing	
  
CNM	
  effects	
  with	
  increasing	
  
centrality.	
  
	
  
	
  
y<0	
  enhancement	
  similar	
  to	
  that	
  
seen	
  in	
  HF	
  single	
  electrons	
  at	
  
mid-­‐rapidity.	
  
	
  
	
  
Trend	
  of	
  increasing	
  CNM	
  
consistent	
  with	
  EPS09,	
  but	
  
stronger	
  at	
  y<0.	
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Suppression	
  similar	
  at	
  y>0,	
  
but	
  enhancement	
  much	
  
stronger	
  at	
  y<0.	
  
	
  
	
  
What	
  does	
  this	
  say	
  about	
  
nuclear	
  breakup	
  of	
  the	
  J/ψ	
  
vs.	
  CNM	
  effects	
  common	
  to	
  
both?	
  
	
  
Caveat:	
  pT	
  bins	
  are	
  probably	
  
not	
  comparable	
  between	
  the	
  
two.	
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Significant	
  modifica5on	
  of	
  single	
  muons	
  from	
  heavy	
  flavor	
  
decays	
  has	
  been	
  observed	
  in	
  d+Au	
  collisions.	
  
•  Enhancement	
  at	
  backward	
  rapidity	
  
•  Suppression	
  at	
  forward	
  rapidity	
  
•  Effects	
  increase	
  with	
  centrality	
  

The	
  Forward	
  Vertex	
  Detector	
  was	
  installed	
  in	
  2012	
  and	
  will	
  allow	
  the	
  
separa5on	
  of	
  c-­‐	
  and	
  b-­‐quark	
  decays	
  via	
  precise	
  vertex	
  measurement.	
  
	
  
Addi5onal	
  steel	
  absorber	
  was	
  also	
  installed	
  in	
  2012,	
  which	
  will	
  reduce	
  the	
  
hadronic	
  backgrounds	
  and	
  increase	
  HF	
  muon	
  S/B.	
  
	
  
Cu+Au	
  collisions	
  were	
  recorded	
  for	
  the	
  first	
  5me	
  at	
  RHIC	
  with	
  these	
  
upgrades,	
  and	
  are	
  being	
  studied	
  now.	
  


